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We compared the contrast dependency (from 0.4 to 98%) of the visual evoked potential (VEP) to 
motion onset and to pattern reversal at an occipital and lateral recording site using sinewave 
grating stimuli of 0.9 c/deg, drifting at 4.9 deg/sec. Two differing VEP components were identified: 
a positive component, peaking at around 130 msec, dominating the occipital derivation, enhanced 
in pattern-reversal stimulation, exhibiting a high-threshold, late-saturating contrast response 
characteristic with a half-amplitude contrast above 7%; and a negative component at around 
180 msec, dominating the lateral derivation, enhanced in motion-onset stimulation, exhibiting a 
low-threshold, saturating contrast characteristic with a half-amplitude contrast below 4%. The 
results suggest: (1) The negative component (N180) represents motion mechanisms, located more 
laterally, while the positive component (P100-P130) represents form-processing mechanisms, 
located near the V1/V2 areas. (2) A pattern-reversal stimulus triggers both form-processing and 
motion mechanisms that can be discriminated by latency. In an occipital derivation, the clinical 
reversal VEP PI00 will be little contaminated by motion responses. © 1997 Elsevier Science Ltd. 
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INTRODUCTION 
Different qualities of vision seem to be processed to some 
degree in different pathways (e.g., Lennie et al., 1990; 
Casagrande, 1994). Motion processing mechanisms carry 
the signature "low contrast hreshold with a saturating 
response characteristic" throughout the visual pathways, 
as is suggested by evidence from various fields: (1) the 
M-pathway has a lower contrast threshold than the 
P-pathway (Kaplan & Shapley, 1986; Sclar et al., 1990); 
(2) motion perception is related to the target area of the 
M-pathway (e.g., Maunsell et al., 1990); (3) contrast gain 
functions of moving gratings, measured by functional 
MRI, show a low contrast saturating response character- 
istic in area MT (Tootell et al., 1995); (4) motion 
perception has a high contrast sensitivity [e.g., Keck et al. 
(1976) found no dependency of the motion aftereffect on 
adapting contrast, provided that the adapting contrast was 
above 3%]. 
Measurement of electrophysiological correlates of 
motion processing in man was pioneered 20 years ago 
by Clarke (1973) and has recently received renewed 
interest (e.g., Tyler & Kaitz, 1977; GOpfert et al., 1990; 
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Manning et al., 1991; Norcia et al., 1991; Ullrich & Bach, 
1992; Wesemann & Norcia, 1992; Kommerell et al., 
1995; Kubovfi et al., 1996; Snowden et al., 1995), driven 
both by the popular magno/parvo distinction and 
advancements in stimulation technology. Disagreement 
on the motion-specific component (positivity at 130 msec 
or negativity at around 180 msec) has been resolved and 
traced to adaptation by the test stimulus (Bach & Ullrich, 
1994). Not every moving stimulus, however, evokes a 
motion-specific VEP (Snowden et al., 1995). The above- 
mentioned "motion signature" was employed in a recent 
study comparing motion-onset and pattern-reversal 
(Kubovfi et al., 1995) with the conclusion that the nega- 
tive component of the pattern-reversal VEP at around 
180 msec was related to motion. In their amplitude vs 
contrast functions (their Fig. 4), these authors did not 
discriminate between the recording sites, they took the 
maximal response from the various derivations. Further- 
more, they employed a moving mirror for pattern- 
reversal. Thus, their reversal stimulus was based on 
physical motion, though rapid, risking the possibility of a 
"true motion" artifact in the stimulus that was compared 
to a motion stimulus. 
As pattern reversal is the most common stimulus in 
clinical settings (Harding et al., 1996), possible con- 
founding of motion and contrast mechanisms should be 
clearly assessed. We therefore report on an experiment 
similar to the one conducted by Kubovfi et al. (1995), 
1845 
1846 M. BACH and D. ULLRICH 
using both motion-onset and "true" pattern-reversal 
stimuli on a visual display unit and analysing the effects 
at each recording site separately. 
METHODS 
Subjects 
Eight subjects (aged 25-35 yr) participated in the 
experiments. They had a corrected visual acuity of _> 1.0. 
The only selection criterion was normal acuity and 
normal amplitude (_>5 gV) in a clinical standard chequer- 
board reversal VEP. 
Stimuli 
Stimuli were created with a Cambridge Research 
VSG2 graphics card and displayed on an Eizo 9070S 
raster-scan visual display unit with a frame rate of 71 Hz. 
For both motion and reversal stimulation we used 
sinusoidal gratings with a spatial freq, uency of 0.9 
cycles/deg, mean luminance of 15 cd/m ~ and contrast 
from 0.4 to 98% in eight steps. The circular stimulation 
area with a diameter of 11 deg was surrounded by a grey 
mask with a mean luminance of 17 cd/m 2. A motion 
sequence consisted of an abrupt onset of continuous 
motion at 4.9 deg/sec for 140msec, followed by a 
stationary phase for 1260 msec. This resulted in a duty 
cycle of 10% where little adaptation occurs (Bach & 
Ullrich, 1994). For pattern-reversal stimuli, rapid phase 
reversal occurred every 900 msec, corresponding to 
1.1 rev/sec. Luminance and contrast of the monitor were 
calibrated employing a method similar to that described 
by Pelli and Zhang (1991). 
Recording 
VEP was recorded from an Oz-Fpz derivation and a 
lateral (5 cm left of Oz vs. right ear) derivation using 
gold-cup electrodes. The ground electrode was attached 
to the right wrist. Signals were amplified and filtered 
(first-order band-pass, 0.5-70 Hz, Toennies Physiologi- 
cal Amplifier) and digitized to a resolution of 12 bits at a 
sampling interval of 2.33 msec. The computer averaged 
the sweeps if their amplitude did not exceed + 100 ffV, 
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FIGURE 1. Grand mean responses (bold lines; + SEM thin lines) of eight subjects to motion-onset/offset stimuli. The thin 
vertical lines at 140 msec represent the offset of motion. 
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displayed them on-line and generated the stimuli. 
Averaged sweeps were digitally filtered with a band- 
pass from 1 to 30 Hz. Amplitudes were measured off-line 
from baseline to peak. 
Procedure 
At the beginning of each session we measured VEP 
responses to luminance-contrast chequerboard patterns as 
described in the ISCEV VEP standard (Harding et al., 
1996) to ascertain correct operation of the entire set-up. 
We then presented the various stimuli in a counter- 
balanced interleaved block design: each stimulus ap- 
peared five times, then the next stimulus followed. This 
sequence was repeated 40 times, resulting in a total of 
200 sweeps for each condition. After every 50 sweeps, 
resting periods of 2 min duration were interposed. The 
entire recording session lasted about 2 hr. The subjects 
were requested to fixate a cross at the centre of the screen 
and report random digits that appeared there for 300 msec 
at random intervals. 
RESULTS 
Figure 1 displays the grand average across all 
subjects_+ SEM for the two stimuli (reversal on the left, 
and motion onset right), all contrast levels (increasing 
from bottom to top), and the two recording sites (Oz vs 
Fpz, top; left lateral vs right ear, bottom). As a common 
characteristic for both stimulus types and recording sites 
we observed two major components, a positive one at 
around 130 msec and a negative one at around 180 msec, 
appearing at a contrast of 1.5% and above. At the lowest 
contrast level of 0.4%, no response could reliably be 
identified. 
The contrast dependency of the two components i
depicted in Fig. 2. To avoid clutter of the graph, the 
measures of error in Fig. 1 have been omitted in Fig. 2. 
Inspired by Sclar et al. (1990), we fitted Naka-Rushton 
equations to the amplitude vs log contrast values with 
three free parameters: 
C n 
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FIGURE 2. Amplitude vs log contrast for the positive component (P130, plus symbols) and the negative component (N180, 
circles), for the two stimulus types (reversal left, motion right) and the two recording sites (occipital top, lateral bottom). The 
continuous curves represent Naka-Rushton fits, the numbers at the arrows represent the half-amplitude contrast. The positive 
component displays an accelerating contrast characteristic, and the negative component a saturating type. In the occipital ead 
for the reversal stimulus the negative component is very low and least resembles a saturating response characteristic, the 
positive component dominates. In the lateral ead for the motion onset stimulus the positive component is small. The negative 
component dominates, displaying a low contrast threshold. 
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Ar,~× = maximal amplitude, C~o = contrast for 50% Amax 
and n = exponent, representing the steepness of rise 
[constraint: n _< 3]. 
As the positive component did not enter the saturating 
region, c~o often lies above 100%. Still, the general shape 
of the response characteristic seems well represented, and 
two qualitatively different types emerge. As a single 
distinguishing measure, we computed the contrast where 
the VEP amplitude is halfway between the maximal and 
minimal level (denoted as "half-amplitude contrast", 
arrows in Fig. 2). 
The most obvious features were a non-saturating 
response function to pattern reversal in the occipital 
positive response component (top left, marked with plus 
signs) and a saturating response function to motion onset 
in the lateral negative response component (bottom right, 
marked with circles). 
Comparing the positive and negative components 
across stimulus types and recording sites, we observed 
that the positive component displayed a non- (or late-) 
saturating function characteristic. Its half-amplitude 
contrast was always >_7%. The negative component 
displayed a low-threshold, saturating type of response 
function with half-amplitude contrast always below 4%. 
Comparing the effect of recording site across stimuli, 
we found that in the lateral derivation the negative 
component clearly dominated for both stimulus types; in 
the occipital derivation, the positivity was relatively 
enhanced. Comparing the effect of stimulus type across 
recording sites, we found that the motion-onset stimulus 
enhanced the negative component, and pattern reversal 
enhanced the positive component. 
DISCUSSION 
Well-defined VEP responses were identified for both 
motion-onset and pattern-reversal stimulation for a 
contrast of 1.5% and above. Two components dominated 
the response, a P130 and a N180. Going from reversal to 
motion stimulation, and from an occipital to a lateral 
recording site, we observed a transition from a non- 
saturating positivity-dominated response to a low-thresh- 
old, saturating negativity-dominated r sponse character- 
istic (Fig. 2). 
The finding of a high contrast sensitivity of the 
negative component agrees well with work by Mtiller 
and G6pfert (1988), who were the first to report on the 
high contrast sensitivity of the motion-onset VEP, and 
with Kubov~ et al. (1995). There is further evidence from 
motion adaptation experiments (Bach & Ullrich, 1994) 
that the negative component (N180) represents motion 
processing as originally suggested by Clarke (1973) and 
G6pfert et al. (1984). In the light of the "motion 
signature" (see Introduction), the high contrast sensitivity 
of the negative component strengthens the evidence for 
the N180 as a "motion" response, as suggested by Kuba 
& Kubov~ (1992). While our own findings would be only 
based on the specific situation of sinusoidal gratings with 
the specified temporal and spatial properties, the 
similarity to Kubov~ and colleagues' (Kubov~ et al., 
1995) chequerboard findings suggests that this is a fairly 
general conclusion. 
The lateral dominance of the motion response agrees 
well with results by Probst et al. (1993), who used 
random-dot motion stimulation and advanced source 
location and found the generator of the motion responses 
to be located in the lateral region, possibly homologous to 
the area MT or MST in non-human primates. 
Pooling the contrast dependency across recording sites, 
the present findings agree closely with the one reported 
by Kubovfi et al. (1995), suggesting that motion artifacts 
in the reversal condition have not played an appreciable 
role in that experiment. The present results extend those 
findings to lower contrast levels; their lowest contrast was 
1.3%, our lowest level was 0.4%. Figure 2 shows that 
there is a fairly sharp drop for the motion response below 
1.5%. With respect o recording site the present findings 
extend those by Kubov~ et al. (1995) who reported 
always the largest amplitude, irrespective of site. The 
reversal stimulus produces a negative component at the 
occipital derivation which is fairly small compared to the 
one evoked by motion onset and does not display the 
typical early saturating response type. 
The present results are also of interest from a clinical 
perspective: the positive component at 130 msec most 
probably corresponds to the well-known P100; latency to 
sinusoidal stimulation is higher as compared to squar- 
ewave gratings or chequerboards (Bobak et al., 1987). 
This component does not display the "motion signature". 
On the other hand, the response will be dominated by 
motion processing mechanisms under conditions of low 
contrast (e.g., 10%), low duty cycle (10% to avoid motion 
adaptation) and a lateral derivation (Kuba & Kubov~, 
1992). We conclude that a typical P100 response to a 
high-contrast pattern-reversal stimulus, recorded from 
occipital eads, contains little contamination from motion 
responses. 
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